Aykaç K, Karadağ-Öncel E, Bayhan C, Tanır-Başaranoğlu S, Akın MŞ, Özsürekci Y, Alp A, Cengiz AB, Kara A, Ceyhan M. Prevalence and seasonal distribution of viral etiology of respiratory tract infections in inpatients and outpatients of the pediatric population: 10 year follow-up. Turk J Pediatr 2018; 60: 642-652. The aim of this study was to investigate the prevalence and seasonal distribution of respiratory viruses in pediatric patients. Nasopharyngeal swab specimens, demographic and clinical information were collected from 1240 pediatric patients aged <18 years between 2006 and 2015 in Hacettepe University Children's Hospital. Multiplex RT-PCR (multiplex reverse transcriptase polymerase chain reaction) was performed to detect viral pathogens. A total of 1240 pediatric outpatients and inpatients who had been admitted to the hospital with symptoms of upper and lower respiratory tract infections (RTIs) were enrolled. Viruses were identified in 339 (27.3%) of cases, with the leading three viruses being respiratory syncytial virus (RSV, 74/339; 21.8%), human rhinovirus (62/339; 18.3%), and multiple viruses (56/339; 16.5%).
Infants and young children (less than 5 years of age) have been estimated to have from three to eleven episodes of ARIs per year, with the highest incidence occurring during the first year of life. Even though many pathogens may cause ARIs, viruses are the most frequently implicated. 1 are causative viral agents of ARIs 5, 6 . In recent years we have seen new causative viruses such as human metapneumovirus (hMPV) (first identified in 2001), coronavirus associated with severe acute respiratory syndrome SARS (identified in 2003), human bocavirus (hBoV) (first identified in 2005) and two additional coronaviruses (NL63 and HKU1). [7] [8] [9] In developing countries, RSV is the leading viral cause, having been identified in 15-40% of pneumonia or bronchiolitis cases in children admitted to hospital followed by influenza, parainfluenza, human metapneumovirus and adenovirus. 2 Although viruses are the most common causes of ARIs, main etiological diagnosis is often missed and unnecessary or inappropriate antibiotic use is seen in more than 50% of ARIs worldwide. 10 This leads to the development of serious outcomes such as high resistance rates or multidrug resistance along with drug side effects in children infected with viruses. 10, 11 Turkey is a huge country, and its climate varies widely from region to region as well as seasonally. There has only been one study about viral respiratory tract infections carried out in Ankara which is the capital of Turkey although there were some studies from other cities. [12] [13] [14] [15] [16] The aim of our study was to determine the prevalence and seasonal distribution of viruses in childhood respiratory infections in our center.
Material and Methods
The study was conducted at Hacettepe University Medical Faculty Ihsan Dogramacı's Child Hospital. Nasopharyngeal swab specimens, demographic and clinical informations were Duplicate specimens from the same patient (within one week of another specimen) were identified and excluded when the results were the same. If two samples were sent at the same time or within 3 days of one another, these were considered a single clinical episode if both were positive. A separate clinical episode was also assumed for patients with different viruses detected throughout their clinical course, independent of the time elapsed between sampling. Patients who died within 30 days after the diagnosis of infection were included in the mortality analysis. All samples received at the microbiology laboratory and tested for respiratory virus infections during the study period were eligible for inclusion. Samples that did not have test results because of failure of PCR or insufficient sampling, or had missing details of the patients were excluded. Lower respiratory tract infection (LRTI) was defined as one or more of the following clinical findings: hypoxia (<95%), age-related tachypnea, signs of respiratory distress (retractions, nasal flaring, abdominal breathing) or abnormal breath sounds (wheezing, prolonged expiratory phase, or crackles) obtained by auscultation. 17 Upper respiratory tract infection (URTI) was defined as nasal congestion, rhinorrhea, cough, and/or fever without associated wheezing or dyspnea. 18 Acute respiratory failure (ARF) is a common medical emergency in children. It is defined as the inability to provide O 2 and remove CO 2 at a rate that meets metabolic demands. Chronic respiratory failure describes chronic respiratory processes requiring home oxygen or ventilator support (mechanical ventilator or nasal BiPAP), or having baseline SaO 2 <88% on room air or pCO 2 >50 with a normal pH. 19 The investigation was reviewed and approved by the ethical committee of Hacettepe University (no: . Informed consent was obtained from all individual participants 
Demographic and Clinical Characteristics
With regard to the age distribution of the total 339 patients, 186 (54.9%) patients were aged <1 year, 44 patients (13%) were aged between 1 and 2 years, 56 patients (15.6%) were between 2 and 5 years and 53 patients (15.6%) were >5 years, infants, toddlers, preschool and school aged children, respectively. All the detection rates of the different viruses were found to be significantly associated with the age groups (p<0.01). Demographic and clinical characteristics of patients and each type of virus are shown in Table I (Table III) .
In total seven patients died (7/339, 2%) and hAV (n=2), CoV (n=1), multiple viruses (n=1), Antibiotics were administered to three quarters of positive patients (254/339; 74.9%) and antiviral (oseltamivir) treatment was used in 21 (6.1%) patients.
Discussion
In this study, we completed an analysis of the viral etiology and clinical features of inpatient and outpatient children admitted to our tertiary care hospital. We evaluated the prevalence of the most frequent respiratory viruses based on a retrospective analysis of ten consecutive years' data. The overall detection rate in our study was 339 (27.3%). It was lower than that recently reported in Turkey. The positivity rate reported varied from 38.0 to 40.3% depending on different areas, study design and virus analysis methods. 12, 20, 21 We found that RSV was the most frequent virus in the population with ARIs in our study population. Our result is compatible with those of other studies in which RSV ranks as the most frequent virus in the pediatric population along with ARIs. 22, 23 RSV was detected most in patients with lung disease, immunodeficiency and healthy children. Children with lung disease, especially prematures, are considered to be more susceptible to RSV infection, with resultant increased mortality and morbidity. Leung et al. 24 indicated lung disease was the only risk factor for the duration of pediatric intensive care admission in the child population with RSV infection. Additionally severe RSV infection may alter the lung environment and lead to prolonged lung dysfunction long after the infection has been resolved. 25 There were no fatalities among our study population, including patients with lung disease and immunodeficiency, however we had only 20 patients with RSV infection in these two disease group. There should be larger population studies to understand the significance of RSV infection in patients with immunodeficiency and lung disease.
The age distribution in this hospital-based study indicated that infants were more likely to be infected by RSV and PIV, toddlers with hRV and PIV, preschool and school aged children with hRV and multiple viruses. Previous studies had also indicated that RSV was generally seen in infants especially in the first years of life. 11, 22, 26 In our other study between December 2011 and April 2012, RSV was significantly more common in infants in the outpatient population. 16 Most studies have indicated that RSV infection rates are different between outpatients and inpatients. 27, 28 However only prematurity and being of a young age were detected as risk factors for hospitalization. 28, 29 Based on our findings, we have shown that RSV was most common among the inpatient population. In this study 40 (11 Asner et al. 30 showed that immunodeficiency is a significant predictor of clinical disease severity among inpatients with RSV infection. However there were no mortalities among our nine immune deficiency patients with RSV infection. Totally seven patients died (7/339, 2%) . In our study the most common virus that led to mortality was hAD. Two patients died after hAD infections. Both of them had immunodeficiency diseases. It has been reported in literature that hAD takes advantage of the impaired immunological response and infections develop, which leads to high morbidity or even mortality in these patients. 31 HRV was mostly seen in patients with malignancy, congenital heart disease, neurometabolic disease and healthy patients. HRV is common cause of URTI in hematologic malignancy patients in the literature, Jacobs et al. 32 investigated hRV infections in hematologic malignancy and suggested that hRV are associated with LRTI in patients with such malignancy.
Overall, there were 56 patients with multiple viral infections and 46 (82.1%) of them were hospitalized, two of them were followed up in PICU, 10 (17.9%) were followed as outpatient Martínez-Roig et al. 33 indicated that an inverse relationship was found between the number of viruses detected with a need for oxygen therapy and hospitalization period. However, it has been hypothesized that multiple viral infections may be associated with higher fever, longer durations of hospital stay, more frequent use of antibiotics and increased risk of requiring intensive care in a hospital-based study 34 . Richard et al. 35 showed that co-infections such as RSV plus hRV may lead to a more severe clinical course of disease in infants with bronchiolitis. In our study, eight of the patients (8/339, 2.3%) in the study were co-infected with RSV and hRV, which was not found to be associated with a more severe clinical course than the other virus infected patients. No clear consensus on the effect of co-infection on disease severity is remained.
Respiratory viruses were detected positive more often in winter (151, 44.5%) and spring (98, 28.9%) than in autumn (58, 17.1%) and summer (32, 9. 4%) (p<0.01). Most studies have shown the same result in that epidemics of respiratory viruses have been observed in winter and early spring. [36] [37] [38] RSV was seen mostly in winter (52, 34.4%) as known that cases tended to peak in winter in temperate climates 12, 39 . IFV was mostly seen in winter (20, 13 .2%) especially in December. Gülen et al. 12 showed that IFV was found most frequently in the November-December period in Turkey. Moreover in an other study from Turkey Çiçek et. 40 Antibiotics were administered to three quarters of positive patients (270/357; 75.7%) in our population. Although viruses are the most common cause of acute respiratory tract infections, the main etiological diagnosis is often missed and unnecessary or inappropriate antibiotic use is seen in more than 50% of acute respiratory tract infections worldwide 11 . This leads to the development of serious outcomes such as high resistance rates or multidrug resistance along with drug side effects in children with viral infectious. 10, 11 According to our data, 9.3% of our patients had bacteremia and respiratory viral infection at the same time. However we could not use bacterial respiratory tract culture tests because of the existence of unknown pathogens, poor accuracy and sensitivity. 42 Also, we could not use bacterial molecular amplification tests which are highly sensitive, can provide results in hours but may distinguish colonization from infection. 43 It is important to keep in mind that the most common pathogens causing bacterial pneumonia in childhood are part of the nasopharyngeal mucosal flora in healthy children. 44 Clinical laboratories traditionally use methods such as direct fluorescent-antibody assay (DFA) and viral culture to detect respiratory viruses. Compared with such traditional methods, nucleic acid amplification tests show superiority in terms of sensitivity for the detection and spectrum of target viruses. In addition, the use of multiplex assays significantly reduces the hands-on time and cost compared to those for DFA and culture. The sensitivity of multiplex PCR assay method that was used in this study ranges 89.4-100% and specificity ranges 98.6-100%. 45 This method has different sensitivity and specificity for each virus such as the other PCR methods. 44, 45 In our study, we only used multiplex RT-PCR technique to identify respiratory tract viruses, thus we could not make a comparison with other diagnostic methods to investigate sensitivity and specificity.
There are some limitations to this study. One of the main limitations of this study is that it is a retrospective study so we could not obtain all the patients' clinical information. Due to the limited opportunities of our hospital, in some viral years we could do viral testing only on inpatients and in two different years we were not able to do testing to both inpatients and outpatients. Another limitation is that children with respiratory tract infections resulting from bacterial pathogens such as Streptoccus pneumoniae and Streptoccus pyogenes were not investigated in this study, which may have infected patients and affect at our clinical and laboratory parameters.
With an overall viral agent detection rate of 27.3%, the findings of the present study suggest that other respiratory pathogens, whether viral or bacterial, may also lead to hospital visits due to respiratory tract symptoms in children. Also, it should be taken into account that each of the viral infections may appear in different ages of children, underlying diseases, clinical findings, physical examination, chest X-ray findings, clinical diagnosis and prognosis.
